Introduction
In paper [1] , a nanodrop located on the smooth surface of a solid possessing hidden roughness was considered on the basis of the density functional theory (DFT). One of its goals was to use a microscopic approach to describe (qualitatively) the experimental results The goal of the present paper is to examine microscopically the new kind of systems using reasonable definitions of the quantities which characterize the drop of TF located of the pillars and is treated as a hard wall (not shown in Figure 2) . Because of the low densities of TF and LF close to the upper boundary, the influence of the latter on the state of the system is neglected. The system is periodic in the x-direction with period L x , with the number of molecules of LF and TF per L x constant (closed system).
It is supposed that there is no symmetry breaking in the y-direction and that the density distributions (FDDs) of LF (ρ 1 (r)) and TF (ρ 2 (r)) are uniform in this direction and non-uniform in the x-and h-directions, hence ρ i (r) ≡ ρ i (x, h) (i = 1, 2).
Interaction potentials
It is supposed that the spherical molecules of LF and TF interact via a truncated LennardJones potential
where i and j take the values 1 and 2 for LF and TF, respectively, r is the distance between the centers of a pair of interacting molecules, and r ij,cut = 3σ ij is the cutoff distance. In eq 1, σ ij and ǫ ij are the hard core diameters and energy parameters, respectively. The molecules of TF and LF interact also with the rough solid (substrate plus pillars) of constant density which is considered as the source of an external potential which has the same form as eq 1 with no upper bound for the radius of the fluid-solid interactions. For these interactions, the hard core diameters σ ij and interaction parameters ǫ ij should be replaced with σ is , and ǫ is , respectively, the subscript s indicating the solid.
It is also assumed also that each molecule of TF is exposed to a constant external perturbative force f τ which acts in the negative direction of the x-axis.
As a result, the net external potential, U net,ext (x, h) has the form
where U is (x, h) (i = 1, 2) are potentials due to TF-solid and LF-solid interactions, respectively and U e (x) = f τ x is the potential due to the external perturbative force. 
Selection of the parameters
Below, all lengths will be provided in units of TF-TF hard core diameter, σ ≡ σ 22 . In this units, the geometrical characteristics of the system were selected as follows: h p = 3,
, and h u = 16.
The hard core diameters of all intermolecular interactions were considered equal (σ 11 =
The energy parameters of the potentials of the fluid-fluid interactions have the values
, and ǫ 12 = 0.5ǫ, where k B is the Boltzmann constant.
For the fluid-solid interactions the energy parameters were selected as ǫ 1s = 4ǫ and ǫ 2s = 0, respectively. The TF-solid interaction is neglected because of the large distance between 1/2 is the thermal de Broglie wavelength of the molecules of component i, h P is the Planck constant, T is the absolute temperature, m i is the molecular mass of component i, Q i (r) is a functional of the densities ρ i (r) and λ i is a Lagrange multiplier arising because of the constraint of fixed average density of component i in the
where V i is the volume of the system accessible to component i.
Using eqs 3 and 4, the Lagrange multipliers can be rewritten in the form
By eliminating λ i between eqs 3 and 5, one obtains two integral equations for the FDDs ρ 1 (x, h) and ρ 2 (x, h) which can be solved by numerical iterations.
The details of the derivation of the Euler-Lagrange equation and of the numerical procedure used for their solutions are provided in the Supplementary Material.
Results and discussion
Below, five specific cases, C m (m = 1, ..., 5), are considered which differ from each other by the average number densities ρ i,av (i = 1, 2) and, as a consequence, by the numbers Page 10 of 31 Nanoscale Nanoscale Accepted Manuscript Table 1 : Average number densities ρ 1,av and ρ 2,av of LF and TF, respectively for five considered cases of molecules of TF and LF in the system. In Table 1 , the dimensionless values, ρ i,av σ 
Density distributions of the test and lubricating fluids and the drop profile
In Figure represents the profile of a drop which was obtained using a procedure similar to that for a drop on a solid surface (see e.g. Ref. [1] ). According to that procedure, the drop profile is defined as a line along which the local density of TF ρ 2 (x, h) is constant and equal to the
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Nanoscale Accepted Manuscript TF density at the location of the equimolar dividing surface of a horizontal FDD ρ 2 (x, h 0 ) at some distance h 0 from the upper surface of the pillars, by considering this FDD as that of a planar vapor-liquid interface. In the present paper, the horizontal FDD was taken along the line passing through the location of the maximum TF density (cross in Figure 3a ). In this case, the density ρ 2,div of TF on the dividing surface is ρ 2,div σ 3 = 0.336.
After the profile is determined, other characteristics of the drop, such as, for example, the number of molecules in the drop (drop size) can be calculated [16] . Let us note that in all considered cases only the stable nanodrops were analyzed. In the absence of an external force, those drops are centered on the pillars. The drops which are centered between neighboring pillars were metastable (had greater free energy than the stable ones) at f τ = 0 and unstable at f τ = 0. Other solutions of Euler-Lagrange equations were not found.
Contact angle
Due to the nonplanar shape of the bottom part of the drop and, as a result, the absence of a fixed reference surface (such as, e.g., the surface of the solid), the definition of leading edges of the drop and the contact angle which the drop makes with the reference surface is not straightforward and unique. To make a reasonable choice, let us consider for simplicity the specific case of a nanodrop on the surface of a lubricating fluid that covers a smooth solid surface. The density distribution of the test fluid in such a system is presented in Figure 4 . Below, several possibilities are examined regarding the reference line with which the profile (or its extension) intersects to form an angle which can be considered as the contact one. Definition 1: Similar to the drop profile, the surface of the lubricating fluid can be considered as the line along which the density of LF is a constant equal to the density of LF on the dividing surface of a particular one-dimensional density distribution of LF. The latter distribution is considered to be along the vertical line passing through a point inside the drop where the density of the test fluid has a maximum. Because of the oscillating behavior of the LF density close to the wall (see Figure 5a ), a special procedure to find the dividing surface which separates the vapor and liquid phases, should be developed. In the present case, we select the part of the FDD between points A and B (see Figure 5a) and replace the actual FDD with one presented in Figure 5b . (At points A and B, the density of LF has liquid-like and vapor-like values, respectively.) This FDD is used to find the location of the equimolar dividing surface and the density of LF at that location.
In Figure 6 , the drop profile and the defined surface of LF (solid curve beneath the drop) are presented. One can see that the drop profile and the surface of LF do not
Page 15 of 31 Nanoscale
Nanoscale Accepted Manuscript intersect and this can be interpreted that between the drop and the surface of LF there is a thin layer of a low density mixture of TF and LF. The reference line was selected as the horizontal line which far from the drop coincides with the surface of the lubricating fluid. This line is presented as the dashed one in Figure 6 . After the reference line is introduced, one can define two types of contact angles which characterize the nanodrop.
The first, θ m , which can be called microcontact angle [17] , is defined using the part of the drop profile in Figure 6 in the vicinity of the reference line (see the left hand side of Figure 6 ). The second, the apparent contact angle θ a , is defined using a circular extension of the upper part of the drop profile (see right hand side of Figure 6 ). Table 2 .
One can see that different definitions provide very different values of the contact angles.
Even though the first definition appears to be the most natural one, we will select below Definition 2. The reason is that the practical realization of Definition 1 is not
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Following the definition of contact angle, the dependence of θ 1 and θ 2 on the size of the drop and on the magnitude of the perturbative force were calculated.
In Table 3 , the contact angles and sizes of the drop are presented for cases f τ = 0, f τ = 1.36 × 10 −15 N and ρ 1,av σ 3 = 0.211. In all cases, the magnitudes of the contact angles decrease with increasing drop size. In previous papers [1, 18] in which a drop in contact with a rough surface was considered, such a dependence of the contact angle was explained by the change of the location of the leading edges of the drop with respect to the potential In Figure 12 , the dependencies of the advancing and receding contact angles on the magnitude of the perturbative force f τ is presented for cases C 2 , C 3 and C 4 . As expected, in all cases, the difference between θ 1 and θ 2 increases with increasing f τ . For larger drops (cases C 3 and C 4 ), the receding angle θ 2 has the tendency to decrease with increasing f τ while the advancing angle θ 1 has the tendency to increase. For smaller drops, the dependence of the contact angles on f τ is not monotonous.
Sticking force
As discussed in Ref. [1] , where a drop on the smooth surface of a second solid material (SSM) covering a rough solid was examined, the microscopic origin of the sticking force acting on the drop of TF is the external potential generated by the rough solid, which is nonuniform both in the horizontal and vertical directions. In the case considered in the present paper, the role of SSM is played by a lubricating fluid which interacts with 
where C is a constant dependent on the drop shape, and γ lv is the liquid-vapor surface tension [19, 20] which predicts a linear dependence of the sticking force on δ. (Note, that our previous study of a nanodrop on a rough surface in the absence of a lubricating fluid [1, 21] also provided a linear dependence between those two quantities.) Because for a macroscopic drop γ lv as well as C (for a cylindrical drop) are constant the slope of the line does not depend on the size of the drop, and the sticking force is independent of the drop size. However for a nanodrop, one can see from Figure 13 , that the slope of the dependence of F st on δ decreases with increasing drop size (see Table 4 for drop sizes). In terms of macroscopic thermodynamics, such a behavior may be caused by the dependence 
